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(57) ABSTRACT 

The invention provides an apparatus and method for perfo 
rating and treating multiple intervals of one or more sub 
terranean formations intersected by a Wellbore by deploying 
a bottom-hole assembly (“BHA”) having a perforating 
device and at least one sealing mechanism Within said 
Wellbore. The BHA may be deployed in the Wellbore using 
a tubing string or cable; or alternatively, the BHA may be 
deployed using a tractor system attached directly to the 
BHA. The perforating device is used to perforate the ?rst 
interval to be treated. Then the BHA is positioned Within the 
Wellbore such that the sealing mechanism, When actuated, 
establishes a hydraulic seal in the Wellbore to positively 
force ?uid to enter the perforations corresponding to the ?rst 
interval to be treated. A treating ?uid is then pumped doWn 
the Wellbore and into the perforations created in the perfo 
rated interval. The sealing mechanism is released, and the 
steps are then repeated for as many intervals as desired, 
Without removing the BHA from said Wellbore. 
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FIG. 2A 
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FIG. 2B 
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METHOD AND APPARATUS FOR STIMULATION 
OF MULTIPLE FORMATION INTERVALS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Nos. 60/182,687 ?led Feb. 15, 
2000 and 60/244,258 ?led Oct. 30, 2000. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to the ?eld of 
perforating and treating subterranean formations to increase 
the production of oil and gas therefrom. More speci?cally, 
the invention provides an apparatus and a method for 
perforating and treating multiple intervals Without the neces 
sity of removing equipment from the Wellbore betWeen steps 
or stages. 

BACKGROUND OF THE INVENTION 

[0003] When a hydrocarbon-bearing, subterranean reser 
voir formation does not have enough permeability or How 
capacity for the hydrocarbons to How to the surface in 
economic quantities or at optimum rates, hydraulic fractur 
ing or chemical (usually acid) stimulation is often used to 
increase the How capacity. A Wellbore penetrating a subter 
ranean formation typically consists of a metal pipe (casing) 
cemented into the original drill hole. Holes (perforations) are 
placed to penetrate through the casing and the cement sheath 
surrounding the casing to alloW hydrocarbon ?oW into the 
Wellbore and, if necessary, to alloW treatment ?uids to How 
from the Wellbore into the formation. 

[0004] Hydraulic fracturing consists of injecting ?uids 
(usually viscous shear thinning, non-NeWtonian gels or 
emulsions) into a formation at such high pressures and rates 
that the reservoir rock fails and forms a plane, typically 
vertical, fracture (or fracture netWork) much like the fracture 
that eXtends through a Wooden log as a Wedge is driven into 
it. Granular proppant material, such as sand, ceramic beads, 
or other materials, is generally injected With the later portion 
of the fracturing ?uid to hold the fracture(s) open after the 
pressure is released. Increased ?oW capacity from the res 
ervoir results from the easier ?oW path left betWeen grains 
of the proppant material Within the fracture(s). In chemical 
stimulation treatments, ?oW capacity is improved by dis 
solving materials in the formation or otherWise changing 
formation properties. 

[0005] Application of hydraulic fracturing as described 
above is a routine part of petroleum industry operations as 
applied to individual target Zones of up to about 60 meters 
(200 feet) of gross, vertical thickness of subterranean for 
mation. When there are multiple or layered reservoirs to be 
hydraulically fractured, or a very thick hydrocarbon-bearing 
formation (over about 60 meters), then alternate treatment 
techniques are required to obtain treatment of the entire 
target Zone. The methods for improving treatment coverage 
are commonly knoWn as “diversion” methods in petroleum 
industry terminology. 
[0006] When multiple hydrocarbon-bearing Zones are 
stimulated by hydraulic fracturing or chemical stimulation 
treatments, economic and technical gains are realiZed by 
injecting multiple treatment stages that can be diverted (or 
separated) by various means, including mechanical devices 
such as bridge plugs, packers, doWnhole valves, sliding 
sleeves, and baffle/plug combinations; ball sealers; particu 
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lates such as sand, ceramic material, proppant, salt, Waxes, 
resins, or other compounds; or by alternative ?uid systems 
such as viscosi?ed ?uids, gelled ?uids, foams, or other 
chemically formulated ?uids; or using limited entry meth 
ods. These and all other methods and devices for temporarily 
blocking the How of ?uids into or out of a given set of 
perforations Will be referred to herein as “diversion agents.” 

[0007] In mechanical bridge plug diversion, for eXample, 
the deepest interval is ?rst perforated and fracture stimu 
lated, then the interval is typically isolated by a Wireline-set 
bridge plug, and the process is repeated in the neXt interval 
up. Assuming ten target perforation intervals, treating 300 
meters (1,000 feet) of formation in this manner Would 
typically require ten jobs over a time interval of ten days to 
tWo Weeks With not only multiple fracture treatments, but 
also multiple perforating and bridge plug running opera 
tions. At the end of the treatment process, a Wellbore 
clean-out operation Would be required to remove the bridge 
plugs and put the Well on production. The major advantage 
of using bridge plugs or other mechanical diversion agents 
is high con?dence that the entire target Zone is treated. The 
major disadvantages are the high cost of treatment resulting 
from multiple trips into and out of the Wellbore and the risk 
of complications resulting from so many operations in the 
Well. For eXample, a bridge plug can become stuck in the 
casing and need to be drilled out at great eXpense. A further 
disadvantage is that the required Wellbore clean-out opera 
tion may damage some of the successfully fractured inter 
vals. 

[0008] One alternative to using bridge plugs is ?lling the 
portion of Wellbore associated With the just fractured inter 
val With fracturing sand, commonly referred to as the Pine 
Island technique. The sand column in the Wellbore essen 
tially plugs off the already fractured interval and alloWs the 
neXt interval to be perforated and fractured independently. 
The primary advantage is elimination of the problems and 
risks associated With bridge plugs. The disadvantages are 
that the sand plug does not give a perfect hydraulic seal and 
it can be dif?cult to remove from the Wellbore at the end of 
all the fracture stimulations. Unless the Well’s ?uid produc 
tion is strong enough to carry the sand from the Wellbore, the 
Well may still need to be cleaned out With a Work-over rig 
or coiled tubing unit. As before, additional Wellbore opera 
tions increase costs, mechanical risks, and risks of damage 
to the fractured intervals. 

[0009] Another method of diversion involves the use of 
particulate materials, granular solids that are placed in the 
treating ?uid to aid diversion. As the ?uid is pumped, and the 
particulates enter the perforations, a temporary block forms 
in the Zone accepting the ?uid if a suf?ciently high concen 
tration of particulates is deployed in the How stream. The 
How restriction then diverts ?uid to the other Zones. After the 
treatment, the particulate is removed by produced formation 
?uids or by injected Wash ?uid, either by ?uid transport or 
by dissolution. Commonly available particulate diverter 
materials include benZoic acid, napthalene, rock salt 
(sodium chloride), resin materials, Waxes, and polymers. 
Alternatively, sand, proppant, and ceramic materials, could 
be used as particulate diverters. Other specialty particulates 
can be designed to precipitate and form during the treatment. 

[0010] Another method for diverting involves using vis 
cosi?ed ?uids, viscous gels, or foams as diverting agents. 








































